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Elements of the | nvestment

Incentives Model (11M)
Developed by Dr. David Lee (LM
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Basic ldeas

 Model cost progress asthe payoff of investments
In producibility and production technology.

e Determine investment patternsasresponsesto
economic incentives.
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Present Practice |

» Ad hoc models of cost progress, e. g. ¢, =T,j°

e One curve shape parameter, b or, equivalently,
dopeS=2°

* For initial estimates, choose S by commodity, e. g.
for alc S~ 80%, for electronics S ~ 90%

Choice of slopeis subjective and causes much discussion!

. .

Resource Analysis Group
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Can We Do Better? |

« Rational model of cost progress

» Relate features of cost progress model to features
of product, plant, and, perhaps, industry

o Get shape of cost progress curves objectively,
from data

. .

Resource Analysis Group
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From 32" ADODCAS:

(paper by D. Lee, http:www.ra.pae.osd.mil/adodcas/32nd.htm)

e Theideathat cost progress comes mostly from investments
that either make items cheaper to produce, or make plants
more efficient, leads to cost progress curves with three
shape parameters.

e The parametersrelate naturally to certain characteristics of
the product, the production operation, and the business
environment.

* One may determine the three shape parameters as
functions of decision variables describing the product, the
production operation, and the business environment.
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|[llustration of a Three Parameter |
Curve

Lot midpoint
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The Three Shape Parameters

H is“Headroom”; measures excess of initial unit cost over lowest possible cost

Sis“Sengitivity”; measuresresponsiveness of unit coststo investments

L is“Limit”; measures maximum per-period investment that can be absorbed

When these arefixed, a single multiplier, C*, determinesthe cost progress curvejust
as T, determines a Crawford or Wright curve once slopeisfixed. Physically, C* isa
theoretical lowest possible unit cost, in theway that T, isatheoretical first unit cost.

LMI| — s e -




Qualitative Relations of Parametersto
Product and Production Characteristics

L eadstolarger H L eadsto smaller H
 Hurried EMD; greattime  « Substantially automated
pressure for item plant
* Firm haslittle experience Effect of varying H
producing similar items :
TS
_ RS
H islarge when production begins ‘\:5\
at unit cost well above best unit cost | T EETE— A
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Qualitative Relations of Parametersto
Product and Production Characteristics

Leadstolarger S L eadsto smaller S
* Flexible, relatively * Extensive, expensive
inexpensive tooling specialized tooling
e Many stepsin production ~ * ]CS'UI?IStanti3||y automated
acility

Effect of varying S

Sislargewhen lot cost islarge compared P~
to e-folding investment (the investment ~=
that reduces the differ ence between N
current unit cost and lowest possible
unit cost, by a factor of 1/e).
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Qualitative Relations of Parametersto
Product and Production Characteristics

Tendstolarger L Tendstosmaller L

 Product dominant in firm » Sole-source procurement
o Competition or threat e Uncertain future
thereof
e Great confidence in total
quantity

Effect of varying L
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Three-Parameter Cost Progress Model
C isthe unit cost of itemsin theit" lot.
a
C*h+km”41£| |l
Ci = y
N Gisii
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Thislooks much more complicated that C; = T P!
But in practice, it’sjust aseasy to use, and one can

| | deter mine shape parameters from data.
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Determine the Three Shape Parameters
as Functions of Descriptive Variables

e Three binary variables:

—f

. .

1 =>*“complex” product
0 =>“simple’ product

1 =>“automated” manufacturing
0 => “non-automated” manufacturing

1 => “competition” or threat thereof
0 => “no competition” or threat thereof
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Calibrating the | IM

Threetranslog functionsdetermineH, S, and L given f;, f, and f:
— fl f2 f3- — fl f2 f3. — fl f2 f3
H = Hoblbz b ’8_809192 93’ L = I—ohl hz h3
The 12 parametersH, b, b,, b;; S, 0, 9, &; and L, hy, h,, hy

determinethese functions. “Calibrating” the M means assigning
valuesto these 12 parameters.

With C* and rate exponent c for each of M systems, thereare 12 + 2M
adjustable parameters. To calibrate the model on a class of systems,
choose the parameter sto minimize a measur e of the differ ence between
model output and the data (such a measureisthe sum of the squares

of the differences between the model’ s output and the observed lot costs).

Oncethe model iscalibrated, using it for new systems means evaluating

f,, f, and f;, and determining C* (and arate adjustment, if that isdesired).
UsingthellM given f,, f, and f;isjust likeusing a Wright or Crawford curve,
given the slope.
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Finding C* with available CERS

Many classical CERsYyield valuesof T, for a Wright or Crawford curve.

Tousethesewith a calibrated | 1M, one may use the fact that the theoretical
first unit cost isrelated to the theoretical lowest possible unit cost by

T, =C* (1+H)

So, given avalueof T, from a CER, valuesof f,, f, and f;, and a
calibrated I1M, one may estimate C* as

_ L
1+H(f,,f,,15)
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[ IM Applied to Electronics
Systems
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Original 8 Electronics Systems

 AN/MPQ-53. PATRIOT radar
 AN/APG-71. F-14D Radar
 ASR-9: FAA Airport Survelllance Radar

o AN/SQQ-89: Shipboard Anti-submarine Warfare Combat
System

 AEGIS. Shipboard Anti-aircraft Warfare Combat System
« SINCGARS. Communications Radio (ITT)

« SINCGARS. Communications Radio(GD)

 PLGR: Handheld GPS Receiver
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Resulting Parameters
Calibration on original 8 systems

System . f,  fa H S L

AN/MPQ-53 1 0 0 1.39 1387 9.74
AN/APG-71 1 0 0 1.39 1387 9.74
ASR-9 1 1 0 0.482 225 0.011
SQQ-89 1 0 1 0.027 48000 0.046
AEGIS 1 0 0 1.39 1387 9.74
SINCGARS-ITT o o0 1 1.96 27.8 0.316
SINCGARS-GD o 1 1 0.677 0.451 4x10
PLGR o0 1 0 345 0.013 0.078
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Results for a Selected System
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Additional 9 Electronics Systems

e AN/URC-107(V): JTIDS Receiver/Transmitter Terminal:

Rockwell Collins & GEC(Singer)

 AN/URC-107(V): JTID Display Processing Terminal:

GEC(Singer)

 AN/ARN-151(V): GPS EPGI

 AN/ARC-190: VHF/UHF AM/FM Radio
 AN/ARC-182: VHF/UHF AM/FM Transceiver
 AN/ARC-210: VHF/UHF AM/FM Transceiver

e Target Acquisition Designation Sight(TADS): EO
* Pilot Night Vision Sensor (PNVS): EO

,L_M_L Resource Analysis Group

EO: Electro-Optics
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Resulting Parameters

(Calibration on all 17 systems)

System £, ] f, | fs H S L
AN/MPQ-53 1]0]0 133 | 1439 | 974

AN/APG-71 1/0]0 133 | 1439 | 974

ASR-9 1]1]0 106 | 102 | 0011
SQ0-89 1]0](1 0.076 | 17,200 | 0.015
AEGIS 1]0]0 133 | 1439 | 974

SINCGARSITT 0|01 568 | 956 | 0.106
SINCGARS-GD 0|11 451 | 0.068 | 0.0001
PLGR 0|1]0 793 | 0.006 | 0.082
AN/URC-107 R/T Termind (RC) | 1| 1| 1 0060 | 122 | 2x10°
AN/URC-107 R/T Termina (GEC) | 1| 1| 1 0060 | 122 | 2x10°
AN/URC-107 Display Termina 111 0060 | 122 | 2x10°
AN/ARN-151 111 0060 | 122 | 2x10°
AN/ARC-190 1]0]1 0.076 | 17,200 | 0.015
AN/ARC-182 1]0]1 0.076 | 17,200 | 0.015
AN/ARC-210 0|01 568 | 956 | 0.106
TADS 1]0]1 0.076 | 17,200 | 0.015
PNVS 1]0]1 0.076 | 17,200 | 0.015

LML

Resource Analysis Group
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Applying IIM calibrated on original
8 systems to new systems

We were gratified to find that ! 10 100 1000
applying thelIM calibrated

on theoriginal 8 systemsto the
new systems gave good results, —+—DATA
both in cases where there was ~L = MOPEL
significant cost progress (asin ™
the upper chart at theright) 0.1 b
and in caseswhere there was
not (asin thelower chart). Both
charts show lot-average unit costs 1 10 100 1000
versus lot midpoint. o

. . . . o
This exercise gives an example ¢ ;’;?EL
of the way analysts can use -
acalibrated I M.

0.01
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All Cases
Calibration on al 17 systems

All electronics systems, new calibration
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SUMMARY \
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How Can an Analyst UsethelIM?

e Toforecast cost progress for aclass of systems:

— Calibrate the model (i. e. determine the 12
parameters of the functions giving H, S, and L
as functions of f, f,, and f5) by fitting it to data
for members of the class

— Apply the resulting calibrated model by
evaluating f,, f,, and f; and developing
estimates for C* for other members of the class

Thisislike determining a “representative’” slopefor a class of systems,
, | and then using that slope for other similar systems.
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How Can an Analyst UsethelIM?

e Toforecast cost progress for amember of aclass
on which the model has been calibrated:

— Determine values of f,, f,, and f,

— Determine C* (and, If desired, arate adjustment
model) from a CER, or from data for the
system

Thisislikeusing a“representative” dopefor a class of systems
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This Presentation Has Examples of
Both Waysto Usethe I[IM
* Applying the model calibrated on the original 8
systems, to forecast cost progress for the second

set of 9 systems, is an example of using a
calibrated I1M.

o Calibrating the model on the new set of 17
systems s, of course, another example of
calibration.
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Conclusions

e Theinvestment incentives model (IIM) is an encouraging
alternative to the traditional model for electronics systems

as a commodity class.

o Generally good results of applying 1M to new electronics
programs and to tactical missile programs(preliminary
results not presented)suggests encouraging robustness, and
yet amore encouraging possibility of cross-commodity

applicability.

,L_M_L Resource Analysis Group
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